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Introduction
Brucellosis is one of the most important zoonoses in the world [1] . The disease is endemic in many regions of the world, including Latin America, the Middle East, Africa, Asia and the Mediterranean basin [2] . The global burden of the disease in humans remains enormous with more than 500,000 infections per year worldwide [2] [3] [4] . It has been reported as an important cause of Fever of Unknown Origin [5] and particularly among the occupationally exposed groups, [6] as it is often easily misdiagnosed as other febrile syndromes such as malaria and typhoid fever, thereby resulting in mistreatments and underreporting [7] . Meanwhile, all brucellosis infections in humans are due to direct or indirect contact with infected animals or animal materials [8] and the incidence is directly related to the prevalence of the disease in animals, socioeconomic level, eating habits, poor hygiene and practices that expose humans to infected animals or their products [9] . It is acquired in people through breaks in the skin following direct contact with infected animals' tissues or blood or their secretions. Infection may also result from consumption of contaminated unpasteurised milk and milk products [10] as well as undercooked contaminated meat [11, 12] . Human brucellosis is widespread in Nigeria, particularly among the occupationally exposed groups. In the NorthEastern part of the country, Baba et al. [13] reported a 5.2% prevalence of brucellosis among 500 occupationally exposed patients. In another study in North-Central part of the country, 43 .8% of the 7.8% brucellosis infected hospital patients were abattoir workers [14] . In addition, Aworh et al. [15] documented a 24.1% seroprevalence of brucellosis among abattoir workers at the Federal Capital Territory, Abuja, Nigeria. Over 55% of 7161 people examined in different parts of western Nigeria had positive Brucella abortus antibodies in their sera, with higher incidences of titres found among dairy farmers and slaughter men than the general population [16] . Specifically, continuous evidences of serological prevalence of brucellosis among the slaughtered cattle in Ibadan, South-Western Nigeria abound ranging between 5.31 and 8.6% [17] [18] [19] [20] . In humans, Cadmus et al. [18] reported a high seroprevalence of 66.3% of brucellosis among apparently healthy abattoir workers while recent unpublished data confirmed isolation of B. abortus from slaughtered cattle in the same area. Despite these, the practice of eating and selling gravid uterus is common among meat handlers. In addition, traditional healers reportedly make use of gravid uterus locally called abodi alaka for some concoctions; whereas, a gravid uterus sustains the growth of Brucella organism [21, 22] . The risk is potentiated by the habit of eating uncooked or undercooked meat as well as poor handling during food preparation [11, 23] . This study was aimed at determining the prevalence and predictors of the risk behaviours of eating and selling gravid uterus by meat handlers and also documenting usage of this organ by leading traditionalists in Ibadan, Nigeria.
Materials and methods

Study Design, Site and Population
This cross-sectional study was conducted in Ibadan, Nigeria. Nigeria is the most populous country in Africa (over 170 million in 2012; http://esa.un.org/wpp/ ASCII-Data/DISK_ NAVIGATION_ASCII.htm) with an estimated livestock population of 20.49 million cattle, 23.07 million sheep, 28.07 million goats, 6.54 million pigs (http://www.fao.org/ag/againfo/ resources/ en/glw/GLW_dens.html),18,200-90,000 camels, and 210,000 horses (http://faostat.fao.org/site/573/default. aspx#ancor) [24] . It ranks second of the four countries (Nigeria, India, Ethiopia, and Bangladesh) that account for 44% of poor livestock keepers globally [25] . Ibadan is located in South-Western Nigeria and lies between latitude 7 0 32 1 N and longitude 3 0 54 1 E. It is the third largest metropolitan area, by population, as well as the largest metropolitan geographical area in the country. Previous and on-going reports showing serological evidence of brucellosis [17] [18] [19] [20] as well as isolation of B. abortus (unpublished data) in slaughtered cattle in this study area abound. The study was carried out using the five major government-owned meat processing facilities which supply meat to the teeming population of over 2 893 137 people [26] in the area, including its surrounding environments. These meat processing facilities were chosen on the basis of the populations of their workers (Oyo State Department of Agriculture and Rural Development, personal communication) while the food animals slaughtered represent more than 65% of the slaughtered animals in the area. The study spanned a period of two months. The population at the meat processing facilities from which the respondents were selected consisted of meat butchers, meat/offal processors, meat buyers and children. The inclusion criteria for selection of potential participants were being meat handlers actively participating in meat processing operations and being at least 18 years of age. A meeting was held with all the potential participants on the objectives and benefits of the study and were informed that they could choose either to participate or not in the study. They were then grouped based on the slaughter halls where each of them worked. A pretest was conducted among ten randomly selected meat handlers, after which some of the questions were modified to improve clarity. Thereafter, visits were made based on the groupings and all consenting participants who met the inclusion criteria, excluding those who participated in the pretest, were interviewed. Each of them was allotted a code on the questionnaire. The researchers made provisions for interpreters for those who did not understand English, but only their local language. In all, only 17 people among those who met the inclusion criteria and were asked to be interviewed declined participation. In addition, the researchers identified a key leader who was knowledgeable about the traditional settings in each of the areas where the meat processing facilities used were located. These key leaders assisted the researchers in identifying the leading traditional healers in the areas for interview.
Data collection and analysis
Data for this study on the participating meat handlers were collected using a semi-structured interviewer-administered questionnaire by well-trained personnel. The questionnaire included three parts. In the first part, we attempted to determine the socio-demographic profiles of the respondents including the age groups (18-40 years as young adult and > 40 years as adult), sex, highest education received, nature of occupation and length of years already spent as workers in meat processing. The second part had five questions to determine their knowledge on bovine brucellosis as it relates to its transmission to humans with response options of 'yes', 'no' or 'I don't know'. The third part contained five questions inquiring about their risk behaviours including whether or not they eat, or sell gravid uterus with response options of either 'yes' or 'no'. Using a key informant interview, the identified leading traditional healers were asked questions on their uses of gravid uterus as well as on issues related to their awareness and knowledge of brucellosis transmission with respect to their practices. Their responses were documented, collated and summarized. The central study outcome variables from the questionnaires on the meat handlers were whether the respondents did or did not eat or sell gravid uterus and those who indicated eating or selling it were classified as high risk and those who did not as low risk. The independent variables were demographic variables and knowledgebased markers related to brucellosis. Data were analyzed using Stata 12.0 (StataCorp LP, Texas, USA) and were tabulated based on the risk category. The values in each category were presented together with their respective percentages. Univariate analysis was first done on all variables using chi-squared statistic with Fisher's exact test when necessary to determine potential variables for the logistic regression model. A multivariate unconditional logistic regression analysis was done using the variables that were statistically significant at 10% level. Backwards stepwise regression was used with the least significant variable removed at each stage until the model contained only those factors which were significant at the 5% level. All tests were two-tailed and p-values of less than or equal to 5% were considered significant.
The odds ratios were reported with their 95% confidence intervals (CI).
Results
A total of 350 meat handlers and five leading traditional healers participated in this study. Out of these meat handlers, 104 (29.7%) and 141 (40.3%), respectively affirmed eating and selling gravid uterus, thereby constituting the high risk groups (Tab. I). Based on socio-demographic characteristics, 50.9% were young adults, 62.9% were male respondents, 52.3% had primary education, 57.1% were meat/offal processors and 64.0% had been in meat processing facilities as workers for more than ten years (Tab. II).
Assessment of predictors of eating gravid uterus by meat handlers
Of all the socio-demographic variables, only being meat/ offal processors (P = 0.008) was the significant factor associated with eating gravid uterus. The meat/offal processors (OR: 1.9, 95% CI: 1.11-3.30) respondents were about two times more likely to eat gravid uterus than the butchers (Table II) . Furthermore, the low risk group (those who did not eat gravid uterus) demonstrated significantly better knowledge than those who ate gravid uterus. For instance, 18.3% of the low risk group and only 1% of the high risk group knew that Brucella-contaminated gravid uterus could contaminate other raw meat or food materials by contact (P = 0.000). Again, 38.2% of the low risk group and only 2.9% of the high risk group knew that consumption of under-cooked or raw contaminated gravid uterus could expose humans to infection with brucellosis (P = 0.000). However, the two groups did not differ significantly (though the low risk group demonstrated higher knowledge level) in whether or not brucellosis was a preventable disease (P = 0.322) ( Table III) . Overall, not knowing that consumption of undercooked or raw contaminated gravid uterus could expose humans to brucellosis (OR = 19.5, 95%CI: 5.73-66.03, P =0.000) and that it could contaminate other food materials or raw meat (OR = 15.6, 2.05-118.92, P =0.008) were the strong predictors of eating gravid uterus by the meat handlers. Lower risks of eating gravid uterus were predicted by having heard of brucellosis and knowing brucellosis as a zoonosis (Tab. III).
Assessment of predictors of selling gravid uterus by meat handlers
Only being adult (OR: 1.7, 95% CI: 1.08-2.57, P = 0.02) of all the socio-demographic variables examined was the strong predictor of selling gravid uterus by meat handlers, with the adult respondents being almost two times more likely to sell gravid uterus than the young adult group (Tab. IV). With respect to knowledge-based markers for brucellosis transmission, the low risk group demonstrated significantly better knowledge than the high risk group, except on the questions that related to whether or not consumption of contaminated gravid uterus could expose humans to brucellosis as well as whether brucellosis was a preventable disease or not (Table V) . In all, lower risks of selling gravid uterus were predicted by knowing that consumption of contaminated gravid uterus could expose humans to brucellosis infection (OR = 0.2, 95%CI: 0.13-0.44, P = 0.000) and that brucellosis was a preventable disease (OR = 00.3, 95%CI: 0.004-0.27, P = 0.001) (Tab. V).
Qualitative data from traditional healers on the usage of gravid uterus Qualitative data from the leading traditional healers' key informant interview revealed high risk behaviour for brucellosis transmission. Responding to the question on what they used gravid uterus for, they said "We usually use it to treat some health conditions associated with old age, to hasten parturition in overdue pregnancies as well as to treat infertility in women". According to them, gravid uterus was made into special medicinal preparations for the affected individuals to eat. However, none of the traditional healers knew any animal disease that could be associated with gravid uterus neither were they aware of the possibility of brucellosis transmission from eating contaminated gravid uterus.
Discussion
The global burden of human brucellosis remains enormous [2, 4] . Though eradicated in many developed countries after years of effort, the disease is still a major neglected zoonosis of developing countries, including Nigeria [1] . The incidence is directly related to the prevalence of the disease in animals, eating habits, poor hygiene and practices that expose humans to infected animals or their products [9] . As such, livestock workers, including meat handlers, have been incriminated in the spread of human brucellosis in Nigeria [15, [27] [28] . Poor hygiene and eating of raw or improperly cooked contaminated meat, the practices characteristic of meat handlers in Nigeria are known to favour the spread of brucellosis [11] [12] . In order to reduce the spread of human brucellosis in the country, knowledge about the predictors of the risk factors of eating and selling gravid uterus known to sustain Brucella organisms is essentially required. This current study presents the socio-demo- graphic factors of meat handlers and brucellosis knowledge-based markers which influence the occurrence of the risky practices of eating and selling gravid uterus in Nigeria. It also reports the implications of traditional healers' usage of gravid uterus on the epidemiology and control of human brucellosis in the country.
To our knowledge, this study appears to be the first to investigate the predictors of the risk factors of eating and selling gravid uterus by meat handlers in Nigeria as well as traditional healers' practices in relation to brucellosis transmission. This study has established a high prevalence of risk factors for human brucellosis infection including the primary outcomes of interest, namely eating and sell- ing gravid uterus by meat handlers. These include: eating gravid uterus (29.7%); selling gravid uterus to unsuspecting buyers (40.3%); not wearing protective coverings when handling gravid uterus (82.6%), not washing hands after handling gravid uterus (61.4%) and not separating gravid uterus from other meat parts (37.4%). Our findings showed that almost one-thirds and above two-fifths of the meat handlers, respectively engaged in eating and selling gravid uterus. These practices by this high risk occupational group are a matter of public health concern considering the prevailing serological evidences of brucellosis and reported isolation of B. abortus from the same population of slaughtered cattle (unpublished data) in the study area. The ingestion of tissues, foodstuff or fluid containing Brucella organism is a route of brucellosis transmission [11] . As such, there is a high risk for human infection with brucellosis among these meat handlers and other potential consumers who are exposed, given the habit of eating raw or improperly cooked meat which is common amongst livestock keepers and meat handlers in Nigeria [28, 29] and amongst Africans in general [11, 12] . In addition, poor hygienic practices characteristic of meat handlers and most households in developing countries, including Nigeria [30, 31] , could as well enhance the transmission of the organism. As reported, handling and preparation of infected meat and offal without proper hygienic precautions may lead to contamination of other foods [32] . Similarly, while brucellosis is a worldwide known abortifacient disease [33] and an important cause of infertility in infected animals [34] , routine use of gravid uterus from brucellosis endemic cattle population by the traditional healers in treating health conditions associated with old age, overdue pregnancies and infertility is startling. The need to investigate indigenous or traditional handling of animals and animal products in the epidemiology of human diseases, including brucellosis in Nigeria and other developing countries, becomes apparent. Evaluation of demographic variables showed that at least one or more of being adult respondents and meat/ offal processors were significantly associated with the high risk factors of eating and selling gravid uterus by the meat handlers. In this study, although not statistically significant, the male respondents were about two times more likely to sell gravid uterus than the female respondents. This finding is in agreement with the reports of some other workers with respect to risk taking by the male respondents. Hambolu et al. [29] observed that being male respondents was an important predictor of the high risk behaviour of consumption of fuku elegusi (tuberculosis-infected lungs) amongst abattoir workers in Nigeria. According to Courtenay [35] and Davidson et al. [36] , predominance of risk-taking amongst male humans is inherently related to the social construction of masculinity. In addition, male subjects are more involved in the care and management of animals as well as processing of meat than the female subjects; hence, they are likely to be more involved in risk practices associated with the occupation. Again, the report of European Commission [37] on risk taking in food handling indicated that women seem to be somewhat more susceptible to worry when it comes to the risk perceptions. This explains whythey have a lower tendency to be involved in taking risks. Other studies [38] [39] have also consistently shown men to have less than ideal food hygiene practices and a significantly lower knowledge of food safety issues. Furthermore, the adult meat handlers were about twice more likely to be involved in the sale of gravid uterus than the younger age group. Adult meat handlers have been reported to exhibit lower food safety practices [31] . Likewise, Altekruse et al. [40] reported that unsafe practices were reported more often by men and adults. This occurrence among the adult meat handlers might be associated with the observation that they often feel unconcerned with any possible consequences that could be associated with such risky practices for lack of evidence-based immediate effects on them. And since brucellosis mimics other febrile conditions and could be latent for years [41] , they always tend to equate any feverish conditions they experience to either malaria or typhoid fever. The study also showed that meat/offal processors were twice more likely to eat gravid uterus than the butchers. The reason for this might be because the meat/offal processors generally have more direct contact with gravid uterus considering the nature of their work. Generally, offal processors have a more constant contact with viscera, gravid uterus and fetal membranes of infected animals (the preferred sites of localization of the bacteria) and are generally more prone to contract brucellosis [42, 43] . Hence, there is a higher likelihood of eating the products they often deal in than the butchers who only have occasional contact since the offal processors end up processing all the viscera/offals from various slaughtered animals. Although the low risk group exhibited better knowledge levels than the high risk group, it is disheartening that the knowledge levels of the entire population on issues related to brucellosis, its transmission and prevention were far below average. Ordinarily, one would expect people drawn from such a high risk occupation to be prioritized with messages regarding brucellosis. This poor knowledge as well as the risky practices coupled with the endemicity of bovine brucellosis in cattle population [44, 45] in Nigeria is a matter of public health concern. This is evident by the high seroprevalence of human brucellosis reported amongst livestock workers in Ibadan, SouthWestern Nigeria [18] . Reports from Tanzania also showed highest seroprevalence of brucellosis amongst abattoir workers, particularly those involved in the slaughtering and cleaning of slaughtered animal parts [46] and a 48% seroprevalence amongst families associated with livestock keeping [12] . Alavi et al. [47] also reported an association between work practices and Brucella infections amongst nomads in Khuzestan, Iran. Our findings notwithstanding; one limitation of this study is the use of only government-owned meat processing facilities. Inclusion of private meat facilities could have given more comprehensive insights. However, the findings of this study are generalizable to meat handlers in Nigeria as the chosen facilities are typical of other meat processing facilities in terms of conditions of the facilities and the ways by which meat handlers are regulated. Despite this limitation, the study has demonstrated a high prevalence of risk factors for human brucellosis transmission as well as some socio-demographic characteristics of meat handlers and knowledge-based markers as predictors of risk factors of eating and selling gravid uterus in Ibadan, Nigeria. It has also reported risk practices by traditional healers that could serve as a limiting factor to brucellosis control in the area. The information provided are very important insights in understanding the epidemiology of human brucellosis in Nigeria and thus serve as critical baseline data for informed control and prevention of the disease in the country. Overall, we recommend the need for all-inclusive brucellosis control programmes, taking into consideration the roles of meat handlers and traditional lifestyles in the epidemiology of human brucellosis in Nigeria. Such risk factors might not be limited to Nigeria alone, but also common among other developing countries particularly in sub-Saharan Africa. As such, there is a need for both national and international relevant stakeholders to synergistically formulate policies towards raising awareness campaigns about zoonoses in general among the high risk occupational groups in developing nations of the world.
